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I. Introduction
Aerobic treatment units (ATUs) are used for wastewater remediation in
many rural areas where traditional septic systems cannot be installed due to soil
percolation issues, the presence of a high water table, small lot size, or proximity
to a water body (Kellam, 1992; National Environment Services Center, 2005).
ATUs generally consist of a series of 3 underground tanks (Kellam, 1992; Levett
et al., 2010; National Environment Services Center, 2005). The trash tank (Figure
1) retains large solids, which are slowly broken down by anaerobic microorganisms
(Kellam, 1992; Levett et al., 2010; National Environment Services Center, 2005).
Small particulate matter from the trash tank is then passed to an aeration tank
(Figure 1). This tank contains an aerator, which stimulates aerobic bacteria that are
responsible for the degradation of solids (Figure 1). Liquids from the aeration tank
are then passed to a clarifier, where water and any undigested solids are separated
from one another (Figure 1). Undigested solids in the clarifier are sent back to the
aeration tank for further digestion (Figure 1). Water from the clarifier (effluent) is
discharged to a variety of locations including soil absorption fields, sand filters,
evapotranspiration beds, or water bodies (National Environment Services Center,
2005). Most states require aerobic treatment unit effluent to be disinfected with
either chlorine or UV radiation before it is discharged (National Environment
Services Center, 2005).
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Figure 1: Overview of the design of aerobic treatment units that were monitored in this
study. The diagram and information that is included was modified from previous studies
of aerobic treatment units (Levett et al., 2010; National Environment Services Center,
2005).

In the late 1970’s a variety of installation errors and aerator failures led to
significant concerns regarding the performance of ATUs (Mancl and Vollmer,
2001). As a result of these concerns, a variety of studies began monitoring the
performance of ATUs. The majority of these studies used National Sanitation
Foundation (NSF) Standard 40 to evaluate the performance of ATUs (Kellam,
1992). This standard was chosen since many states require ATUs to comply with
it in order to be certified for installation (Maxfield et al., 2003; National
Environment Services Center, 2005; Roeder and Brookman, 2006). NSF standard

https://digitalcommons.unl.edu/rurals/vol13/iss1/1

2

Deeb et al.: Environmental Impacts of Effluent from Aerobic Treatment Units

40 sets limits on several chemical parameters associated with aerobic treatment unit
wastewater including biochemical oxygen demand (BOD), total suspended solids
(TSS), and pH (National Environment Services Center, 2005; National Sanitation
Foundation, 1984). However, it does not establish limits for the microbiological
properties of treated wastewater from ATUs. Therefore, many states established
thermotolerant (fecal) coliform limits for ATUs, which have also been monitored
in these performance evaluation studies (Mancl and Vollmer, 2001; Maxfield et al.,
2003; Roeder and Brookman, 2006). The work of Kellam contains a detailed
description of performance evaluations for ATUs conducted from the late 1970’s
through the early 1990’s (Kellam, 1992).

The results of these performance

evaluations clearly showed that many ATUs were not meeting either the chemical
standards of the NSF or the thermotolerant coliform limits of individual states
(Kellam, 1992). More recent evaluations of ATUs, which were performed using
the same sets of standards, have yielded similar findings (Charles et al., 2005;
Levett et al., 2010; Mancl and Vollmer, 2001; Maxfield et al., 2003; Moelants et
al., 2008; Roeder and Brookman, 2006). However, these more recent studies have
observed non-compliance of ATUs in much larger numbers of effluent samples and
on a more global scale, which suggests that issues associated with these systems
are more widespread than previously recognized (Charles et al., 2005; Levett et al.,
2010; Mancl and Vollmer, 2001; Maxfield et al., 2003; Roeder and Brookman,
2006).
To date, a variety of factors have been shown to contribute to instances
where ATUs failed to meet established performance standards. Some of these
factors include system part failures, system overloads, lack of maintenance,
homeowner neglect due to inadequate knowledge of their system, and improper
oversight by public health officials due to a variety of factors including a lack of
funds (Kellam, 1992; Mancl and Vollmer, 2001; Maxfield et al., 2003; Moelants et
al., 2008). In spite of the growing number of reports that many ATUs are failing
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to meet performance standards, very few studies have examined the possible
environmental impacts associated with these system failures. In this study, E. coli
and thermotolerant coliform concentrations were monitored in effluent samples
collected from ATUs located near 3 different communities in southwest Louisiana.
The effluent from the ATUs in 1 of these communities gets discharged into a series
of ditches that travel either directly into or in close proximity to a local river that is
used for a variety of recreational activities. E. coli and thermotolerant coliform
concentrations were monitored in samples of river water that were collected
upstream and downstream of these ditches in order to assess the possible
environmental impacts of ATUs.
II. Methods
Sample Collection. Samples from the effluent pipes (Figure 2) of 23 domestic
ATUs were collected in portions of southwestern Louisiana from 2014 through
2017 and monitored for the presence of thermotolerant coliforms and E. coli. Ten
of the sampled ATUs were located just outside the southern city limits of Lake
Charles (Figure 3). Three additional ATUs were sampled just outside the city of
Sulphur, which is located west of Lake Charles (Figure 3). The other 10 ATUs that
were sampled were located in Moss Bluff, which is an unincorporated community
located just north of Lake Charles (Figure 3). Single grab samples were collected
from 22 of the 23 ATUs that were monitored. The final ATU (725 ST from Moss
Bluff) was sampled several times over the course of this 3-year study to determine
if seasonal changes impacted the numbers of thermotolerant coliforms and E. coli
that are being released by these systems.
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Figure 2: Example of a pipe where effluent samples were collected from the aerobic
treatment units that were monitored in this study. Most effluent pipes in southwest
Louisiana discharge directly into ditches/ravines that are similar to the one shown in this
image.
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Figure 3: Overview of communities (indicated with triangles) where samples of effluent
were collected from aerobic treatment units during the course of this study.

The effluent from ATUs in southwest Louisiana is typically discharged
directly into ditches (Figure 2), which rely on UV radiation from the sun for
disinfection purposes. Samples of water were periodically collected from ditches
that served as collection points for the effluent from ATUs that were monitored in
this study (Figure 2). The concentrations of thermotolerant coliforms and E. coli
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were measured in these samples to determine whether the ditches were being
adequately disinfected by sunlight. Several of the ditches that were monitored in
Moss Bluff are unique because they travel either directly into or in close proximity
to the Calcasieu River (Figure 4). Thus, water samples from the Calcasieu River
were collected periodically at points located upstream and downstream of these
ditches during periods of dry weather and immediately after rainfall events. The
concentrations of thermotolerant coliforms and E. coli were measured in these
samples to determine if the effluent from ATUs was contaminating the river (Figure
4). It was important to examine the impacts of ATUs on the water quality of the
Calcasieu River since it flows directly into Calcasieu Lake, which in turn feeds into
the Gulf of Mexico. Each of these water bodies is used for a variety of recreational
activities including boating, fishing, and jet skiing. Therefore, any discharge of
thermotolerant coliforms and E. coli from ATUs into these waters could have a
significant impact on public health.
Samples of water were also collected periodically from non-wastewater
impacted water sources, including 2 ponds from local golf courses, and a local
apartment complex pond. Thermotolerant coliforms and E. coli were monitored in
these samples to estimate the baseline concentrations of these microbes in nonwastewater impacted waters.
All of the effluent, ditch, river, and non-wastewater impacted control
samples described above were collected in sterile 50 ml centrifuge tubes. The tubes
were placed on ice after collection and brought back to the laboratory where they
were analyzed immediately.
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Figure 4: Map containing an overview of sites sampled upstream and downstream
(indicated by triangles) from a series of ditches/ravines (indicated with arrows), which
carry effluent from several aerobic treatment units that were monitored in this study, into
the Calcasieu River.

Microbial Enumeration Studies. The concentrations of thermotolerant coliforms
and E. coli in ATU effluent, ditch, river, and non-wastewater impacted control
samples were quantified in triplicate using viable plate count assays.
Thermotolerant coliform concentrations were monitored in this study since the state
of Louisiana uses these microorganisms to evaluate the microbial quality of effluent
from ATUs (Louisiana Department of Environmental Quality, 2012). The state
also uses thermotolerant coliforms as indicators of fecal contamination when
evaluating the quality of recreational water bodies (United States Environmental
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Protection Agency, 2003). Even though Louisiana uses thermotolerant coliforms
to monitor the quality of ATU effluent and recreational water bodies, E. coli
concentrations were also monitored in this study for a couple of reasons. First, very
few if any studies have monitored the concentrations of E. coli in ATU wastewater.
It has also been reported that E. coli is a more reliable indicator of fecal
contamination in recreational waters than thermotolerant coliforms, which have
traditionally been monitored in ATU effluent (Odonkor and Ampofo, 2013; United
States Environmental Protection Agency, 1986). Thus, it was important to obtain
baseline values for E. coli concentrations in ATUs before attempting to examine
environmental impacts of these systems.
All of the viable plate counts assays were performed using CHROMagar
ECC medium (DRG International Inc., Springfield, NJ), which was incubated at
44.5°C for 24 hours. After incubation, plates with between 30 and 300 colonies
were counted manually using a Quebec Dark-Field Colony Counter (Reichert
Technologies, Depew, NY). In some cases, the ATU samples had to be serially
diluted in sterile saline (0.9%, pH 7) in order to obtain countable plates (30-300
colonies).

Thermotolerant coliforms and E. coli appeared purple and blue,

respectively, on the CHROMagar ECC plate medium.
III. Results and Discussion
Thermotolerant Coliform and E. coli Concentrations in ATU Effluent. Single
grab samples of effluent were collected from a total of 22 ATUs in southwest
Louisiana. High concentrations of thermotolerant coliforms and E. coli were
observed in all of the grab samples of effluent that were collected from ATUs near
Sulphur (Figure 5a), Lake Charles (Figure 5b), and Moss Bluff (Figure 5c). The
concentrations of thermotolerant coliforms in these grab samples ranged from
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Figure 5: Concentrations of E. coli and thermotolerant coliforms (TC) in individual grab
samples collected from twenty-two aerobic treatment units, which were monitored near
Sulphur (A), Lake Charles (B), and Moss Bluff, Louisiana (C) during the course of this
study. Each individual bar represents the mean of triplicate plate count assays that were
performed with each sample. The error bars represent the standard deviation for triplicate
plate count assays that were performed with each sample.

3.1 x 103 to 5.4 x106 CFU/100 ml whereas the concentrations of E. coli ranged from
1.8 x103 to 7.3 x 106 CFU/100 ml (Figure 5). The microbial enumeration data
obtained from these effluent samples also seemed to indicate that the time of the
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year in which the grab samples were collected did not impact the numbers of
thermotolerant coliforms or E. coli that were being discharged from ATUs (Figure
5). Similar observations were made at an ATU in Moss Bluff (725 ST) that was
sampled 5 times over the course of this 3-year study (Figure 6). The number of
thermotolerant coliforms in the 725ST ATU remained high and fairly steady
(between 105-106 CFU/100 ml) over the course of this study (Figure 6). The
number of E. coli in the 725ST ATU appeared to steadily increase over time
through the first 4 sampling points but declined slightly during the final sampling
trip (Figure 6). The observation that seasonal variation did not impact either the
numbers of thermotolerant coliforms or E. coli in any of the ATUs (Figures 5 and
6) is likely not all that surprising since other studies have also noted that seasonal
fluctuations did not impact the numbers of thermotolerant coliforms in ATUs
(Kellam, 1992).
Exact age data was not available for any of the ATUs that were monitored
in this study. However, an approximate age range was determined for several of
the ATUs that were monitored in Moss Bluff. Seven of the Moss Bluff ATUs (NJ
751, ST 862, NJ 730, ST 630, EJ 829, ST 759, and ST 725) ranged from 8 to 15
years of age during the course of this study. The concentrations of thermotolerant
coliforms in the effluent of these ATUs ranged from 3.1 x 103 to 1.4 x 106 CFU/100
ml whereas the concentrations of E. coli ranged from 1.8 x 103 to 6.8 x 104 CFU/100
ml (Figures 5 and 6). Two of the Moss Bluff ATUs (1222 RB and 1214 RB) were
approximately 3 years old at the time they were sampled for this study. The
concentrations of thermotolerant coliforms in the effluent of these ATUs ranged
from 1.3 x 104 to 1.5 x 105 CFU/100 ml whereas the concentrations of E. coli ranged
from 2.5 x 103 to 4.7 x 103 CFU/100 ml (Figure 5). The observation of overlapping
ranges of thermotolerant coliforms and E. coli in these 2 groups of ATUs suggests
that the age of these systems did not impact their performance, which is consistent
the results of previous studies (Maxfield et al., 2003; Roeder and Brookman, 2006).
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Figure 6: Concentrations of E. coli and thermotolerant coliforms (TC) in grab samples
collected from a single aerobic treatment unit (725ST) in Moss Bluff, Louisiana over a
nine-month period. Each individual bar represents the mean of triplicate plate count assays
that were performed with each sample. The error bars represent the standard deviation for
triplicate plate count assays that were performed with each sample.

The ranges of thermotolerant coliforms and E. coli in effluent samples from
the ATUs that were monitored in this study (3.1 x 103 to 5.4 x 106 CFU/100 ml and
1.8 x103 to 7.3 x 106 CFU/100 ml, respectively) exceeded those of control samples
obtained from non-wastewater impacted ponds, which all contained undetectable
concentrations (less than 1.5 x 103 CFU/100 ml) of these microorganisms (data not
shown). The range of thermotolerant coliforms in the effluent samples was also
well above Louisiana’s daily discharge limit of 400 CFU/100 ml, which has been
established in order to evaluate the performance of ATUs (Louisiana Department
of Environmental Quality, 2012). The ranges of thermotolerant coliforms and E.
coli in the samples of ATU effluent were also consistent with values that have been
observed previously in raw wastewater samples from municipal treatment plants
and influent samples collected from septic systems (Appling et al., 2013; Kay et al.,
2008; Srinivasan et al., 2011; Vilanova et al., 2004). These observations are likely
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attributable to the fact that the effluent from the ATUs in this study was not
disinfected prior to being discharged into local ditches. These ditches contain
freshwater, which is fairly stagnant, and rely on UV radiation from the sun for
disinfection purposes. This disinfection regime is problematic since studies have
shown that fecal indicator bacteria (including thermotolerant coliforms and E. coli)
often survive exposure to sunlight in freshwater habitats (Fujioka et al., 1981;
Korajkic et al., 2013).
A very small set of ditch samples, which were impacted by ATU effluent,
was collected during the course of this study. In these samples, the concentrations
of thermotolerant coliforms (and in many cases the concentrations of E. coli) were
well above values observed in non-wastewater impacted controls, which all
contained undetectable levels (less than 1.5 x 103 CFU/100 ml) of both
microorganisms. This observation suggests that ATUs are negatively impacting
the water quality of the ditches. The concentrations of thermotolerant coliforms and
E. coli in the ditch samples also exhibited a few noticeable trends (Table 1). Ditch
samples that were collected within less than 5 feet of an effluent pipe typically
contained similar concentrations of thermotolerant coliforms and E. coli as the
effluent from the nearest ATU (Table 1). The concentrations of E. coli in the ditch
samples declined as distance from effluent pipes increased and were undetectable
at a distance of 10 feet from the nearest ATU (Table 1). The exact reasons for this
decline are unclear, but previous studies have shown that some E. coli strains die
rapidly once outside of a host (McFeters and Stuart, 1972). Other studies have
shown that E. coli strains often persist in the environment by binding to algae
(Whitman et al., 2003), plants, and soils (Gagliardi and Karns, 2002), which were
all present in the ditches that were monitored in this study. These factors may have
led to our inability to detect E. coli in ditch water samples that were collected more
than 10 feet from effluent pipes. Future studies involving the long-term viability
of E. coli from these systems and enumeration studies of E. coli associated with
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soils, plants, and algae from these ditches are planned in order to address this issue.
The concentrations of thermotolerant coliforms in the ditch samples did not decline
as distance from effluent pipes increased and ranged from 1.3 x 104 to greater than
1.5 x 106 CFU/100 ml (Table 1). The observation of high levels of thermotolerant
coliforms and E. coli in these ditch samples seems to support the findings of earlier
studies, which showed that UV radiation from the sun did not effectively remove
fecal indicator bacteria from freshwater samples (Fujioka et al., 1981; Korajkic et
al., 2013). The exact reasons for the lack of disinfection by sunlight in these ditch
samples were not determined. However, many of the ditch samples appeared
cloudy upon collection and may have contained organic or particulate matter that
prevented sunlight from disinfecting the water. Many of the sampled ditches were
also surrounded by significant amounts of vegetation, which may have prevented
sunlight exposure at levels that were necessary for proper disinfection. It is also
possible that other factors, such as a lack of predatory protozoa, may have
contributed to the poor disinfection of the ditch samples that was observed in this
study (Korajkic et al., 2013).
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Table 1. E. coli and thermotolerant coliform concentrations in ditches where
aerobic treatment unit effluent is discharged
Thermotolerant coliforms

Distance to
nearest

E. coli (cfu/100 ml)a

(cfu/100 ml)a

Sample name

Sampling date

effluent pipe

2713 RWb

August 2015

0

4.1 x 104 ± 4.3 x 103

4.7 x 104 ± 5.3 x 103

b

2722 RW

August 2015

0

3.9 x 10 ± 4.2 x 10

8.3 x 105 ± 1.1 x 104

2750 TWb

August 2015

0

8.4 x 104 ± 8.7 x 103

> 1.5 x 106d

725 ST

August 2015

0

4.2 x 10 ± 5.8 x 10

7.4 x 105 ± 2.4 x 105

August 2015

5

2.5 x 103 ± 0

September 2017

0

4.7 x10 ± 4.0 x 10

1214 RB-WDJFc

September 2017

10

BDLd

> 1.5 x 106d

1214 RB-EDJF

September 2017

15

BDL

d

> 1.5 x 106d

c

1214 RB-WD

September 2017

45

BDL

d

5.2 x 104 ± 1.1 x 104

1214 RB-EDc

September 2017

70

BDLd

1.4 x 105 ± 8.5 x 103

c

725 STc
1214 RB

c

c

4

4

3

3

3

2.3 x 104 ± 7.9 x 103
2

1.3 x 104 ± 3.7 x 103

Values reported are the mean ± the standard deviation for triplicate plate counts.
E. coli and thermotolerant coliforms concentrations for the corresponding aerobic treatment unit effluent pipe samples are
shown in Figure 5A.
c
E. coli and thermotolerant coliforms concentrations for the corresponding aerobic treatment unit effluent pipe samples are
shown in Figure 5C.
d
Standard deviations could not be calculated in cases where mean values were above or below the detection limits of the
assay.
a

b

Thermotolerant Coliform and E. coli Concentrations in the Calcasieu River.
Concentrations of thermotolerant coliforms and E. coli were monitored at sites
located upstream and downstream of three ditches, which carried effluent from
several ATUs that were monitored in this study into the Calcasieu River (Figure 4).
The results of this work showed that during periods of dry weather the
concentrations of thermotolerant coliforms and E. coli were below detection limits
(less than 1.5 x 103 CFU/100 ml), at both the upstream and downstream sampling
locations (Table 2). These findings were identical to what was observed in nonwastewater impacted control samples, which also had undetectable levels (less than
1.5 x 103 CFU/100 ml) of thermotolerant coliforms and E. coli (data not shown).
These results seem to suggest that the effluent from ATUs does not impact the
Calcasieu River during periods of dry weather. This is likely due to the fact that
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the water in these ditches is primarily stagnant during periods of dry weather.
However, it is also important to note that the detection limit for the CHROMagar
ECC medium, which was used to enumerate thermotolerant coliforms and E. coli,
was quite high (1.5 x 103 CFU/100 ml) and may have prevented the detection of
these bacteria during dry weather.

Therefore, future studies involving more

sensitive membrane filtration-based enumerations of thermotolerant coliforms and
E. coli, are being planned in order to better understand the impacts of ATUs on the
water quality of the Calcasieu River during dry weather.
The results of microbial enumeration studies conducted in the Calcasieu
River after rainfall events clearly showed that higher concentrations of
thermotolerant coliforms and E. coli were present at the downstream site relative to
the upstream site (Table 2). Following a rainfall event in September of 2015, the
concentrations of thermotolerant coliforms were twice as high at the downstream
site relative to the upstream site (Table 2). The concentrations of E. coli were below
detection limits (less than 1.5 x 103 CFU/100 ml) at the upstream site but high at
the downstream site (5.0 x 103 CFU/100 ml) after this same rain event (Table 2).
Similar findings were obtained after a second rain event that occurred in October
of 2015 (Table 2). Following this rain event, the concentrations of thermotolerant
coliforms were just over 4 times higher at the downstream site relative to the
upstream site (Table 2). As was the case in September, E. coli concentrations were
below detection limits (less than 1.5 x 103 CFU/ml) at the upstream site and high at
the downstream site (9.5 x 103 CFU/100 ml) after the October rain event (Table 2).
The observation of high concentrations of thermotolerant coliforms and E. coli at
the downstream relative to the upstream site following rain events provides strong
evidence that ATUs contributed to the increased loads of fecal indicator bacteria
observed along the Calcasieu River.

Previous studies have used similar

upstream/downstream measurements to show that traditional septic systems and
municipal wastewater treatment plants negatively impacted the water quality in
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other creek and river systems (Ahmed et al., 2005; Galvin et al., 2010). It is
important to point out that some of the thermotolerant coliforms and E. coli in the
river could have originated from non-human sources. However, it seems unlikely
that agriculture associated waste was responsible for the increased levels of
thermotolerant coliforms and E. coli at the downstream site since it is not prevalent
near the area that was sampled. It also seems unlikely that wild animals (coyotes,
wild hogs, etc.) would have contributed to the elevated levels of fecal bacteria at
the downstream site since this area is not nearly as rural or wooded as the upstream
control site. However, it is possible that domestic animals, which like humans are
prevalent near the downstream site, could have contributed to the increase in fecal
bacteria that was observed following rain events.

Table 2- Concentrations of E. coli and thermotolerant coliforms at sites located upstream and
downstream of ravines that carry aerobic treatment unit effluent into the Calcasieu River

Sampling
date

E. coli
concentration
(cfu/100 ml) at
upstream site a

E. coli
concentration
(cfu/100 ml) at
downstream site a

Thermotolerant
coliform
concentration
(cfu/100 ml) at
upstream site a

Thermotolerant
coliform
concentration
(cfu/100 ml) at
downstream site a

9/14/2015

< 1.5 x 103b

< 1.5 x 103b

< 1.5 x 103b

< 1.5 x 103b

Did rainfall
occur prior
to sample
collection?
No

9/25/2015

< 1.5 x 103b

< 1.5 x 103b

< 1.5 x 103b

< 1.5 x 103b

No

9/28/2015

< 1.5 x 10

< 1.5 x 10

< 1.5 x 10

< 1.5 x 10

9/29/2015

< 1.5 x 103b

5.0 x 103 ± 4.0 x 102

9.8 x 103 ± 3.2 x 103

1.9 x 104 ± 1.8 x 103

10/24/2015

< 1.5 x 103b

< 1.5 x 103b

2.0 x 103 ± 7.0 x 102

1.6 x 103 ± 4.0 x 102

No

10/31/2015

< 1.5 x 103b

9.5 x 103 ± 1.1 x 103

1.8 x104 ± 1.5 x 103

7.8 x 104 ± 1.1 x 104

Yesd

2/1/2016

< 1.5 x 103b

< 1.5 x 103b

< 1.5 x 103b

< 1.5 x 103b

No

2/21/2016

< 1.5 x 10

< 1.5 x 10

< 1.5 x 10

< 1.5 x 103b

No

3b

3b

3b

3b

3b

3b

No

3b

Yesc

Values reported are the mean ± the standard deviation for triplicate plate counts.
Standard deviations could not be calculated in cases where mean values were below the detection limits (< 1.5 x 103
cfu/100 ml) of the assay.
c
1.1 inches of rain was observed between the time of sample collection on 9/28/2015 and 9/29/2015.
d
6.9 inches of rain was observed between the time of sample collection on 10/24/2015 and 10/31/2015.
a

b
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Future studies, involving microbial source tracking methodologies, are
being planned at both the upstream and downstream study sites in order to provide
definitive proof regarding the origins of thermotolerant coliforms and E. coli
following rain events. These types of studies are important since the concentrations
of thermotolerant coliforms at both the upstream and downstream sites exceeded
Louisiana’s standards for primary (200 CFU/100 ml) and secondary contact (1000
CFU/100 ml) recreational water bodies (EPA 2003) following the rain events in
September and October of 2015 (Table 2). The concentrations of E. coli at the
downstream site (Table 2) also exceeded the EPA’s recommended standards for
primary (126 CFU/100 ml) and secondary contact (1030 CFU/ml) recreational
waters (United States Environmental Protection Agency, 2003) following these rain
events. These observations are problematic since the Calcasieu River is used for a
variety of recreational activities involving primary and secondary contact including
jet skiing, fishing, and boating. Microbial source tracking studies and additional
water quality monitoring analyses following rain events will be essential to identify
and potentially reduce public health risks associated with recreational activities
along the Calcasieu River. Additional sampling of the disposal ditches and the
upstream/downstream river sites is also needed on a year-round basis, since
samples from these water bodies were mainly collected during the fall in this study.
Year-round sampling will allow for a better understanding of the impacts of
seasonal changes on ATU-associated contamination events along the Calcasieu
River. The exposed nature of the disposal ditches and rivers would likely make the
microorganisms in these water bodies more susceptible to periods of colder weather
than the microorganisms in ATUs (which are located in an enclosed underground
container and did not appear to be impacted by seasonal changes in this study).
Therefore, a reduction in the number of ATU associated microorganisms would
likely be expected in the ditches and river samples during periods of colder weather.
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